During anoxia, proper energy maintenance is essential in order to maintain neural operation. 16 Starvation activates AMP-activated protein kinase (AMPK), an evolutionarily conserved 17 indicator of cellular energy status, in a cascade which modulates ATP production and 18 consumption. We investigated the role of energetic status on anoxia tolerance in Drosophila and 19 discovered that starvation or AMPK activation increases the speed of locomotor recovery from 20 an anoxic coma. Using temporal and spatial genetic targeting we found that AMPK in the fat 21 body contributes to starvation-induced fast locomotor recovery, whereas, under fed conditions, 22 disrupting AMPK in oenocytes prolongs recovery. By evaluating spreading depolarization in the 23 fly brain during anoxia we show that AMPK activation reduces the severity of ionic disruption 24 and prolongs recovery of electrical activity. Further genetic targeting indicates that glial, but not 25 neuronal, AMPK affects locomotor recovery. Together, these findings support a model in which 26 AMPK is neuroprotective in Drosophila. 27 28 29 30 Optimal neural function requires an uninterrupted supply of energy. Prolonged disruption of this 31 supply can induce neuronal damage, whereas short periods can be tolerated and some organisms 32 are more tolerant by virtue of adaptive mechanisms of metabolic suppression (Staples and Buck, 33 2009). Drosophila survive anoxic conditions, which induce severe energetic depletion, by 34 entering a reversible coma (Lighton and Schilman, 2007; Benasayag-Meszaros et al., 2015). The 35 coma is generated by anoxic depolarization in the brain (Armstrong et al., 2011) which is a form 36 of spreading depolarization (SD), a loss of CNS ion gradients common to insects and mammals 37 (Spong et al., 2016a) and associated with several important brain pathologies (Dreier and 38 Reiffurth, 2015). During this coma, survival depends on the down-regulation of energy turnover 39 and up-regulation of ATP-producing pathways (Hochachka et al., 1996). An enzyme known to 40 play a role in coordinating energy allocation is the metabolic sensing protein, adenosine 41 monophosphate-activated protein kinase (AMPK). In insect preparations AMPK activation 42 mimics hypoxia and starvation by reducing neuronal excitability (Money et al., 2014) and 43 exacerbating ouabain-induced SD (Rodgers-Garlick et al., 2011). Activation of AMPK 44 contributes to mechanisms for coping with hypoxia by metabolic suppression in non-mammalian 45 vertebrates, such as fish (Jibb and Richards, 2008; Zhu et al., 2013). AMPK has diverse roles in 46 different mammalian tissues (Mantovani and Roy, 2011) but, in spite of much research on the 47 role of AMPK in neural damage after oxygen limitation associated with stroke (Manwani and 48 McCullough, 2013) there is little knowledge of its potential role in modulating induction and 49 recovery from SD. 50 51 Evans et al. AMPK… 3 AMPK is a heterotrimeric protein consisting of a catalytic alpha (α) subunit, regulatory gamma 52 (γ), and scaffolding beta subunit (β). Allosteric activation by AMP leads to the phosphorylation 53 of the α subunit on a threonine residue (Thr-172) (Hawley et al., 1995). A rise in AMP, via the 54 adenylation kinase reaction, occurs when ATP is depleted. Since AMP:ATP varies as a square of 55 ADP:ATP, the AMPK cascade is a sensitive indicator of cellular energy change (Hardie et al., 56 1998). Once activated, AMPK inactivates the ATP-consuming anabolic pathways: fatty acid 57 synthesis via phosphorylation of acetyl-CoA carboxylate and sterol synthesis via 58 phosphorylation of 3-hydroxy-3-methylglutaryl-CoA reductase (Hardie et al., 1999). As a result, 59 depression of acetyl-CoA carboxylate activates catabolic ATP-production via a reduction in 60 malonyl-CoA concentration. Low concentration of malonyl-CoA reduces inhibition of carnitine 61 palmitoyltransferase I (CPT-I), leading to an influx of fatty acid substrate (Guzman and 62 Blazquez, 2004). Surplus fatty acid is converted into ketone bodies to be used as a source of 63 alternative cellular energy during dietary restriction or prolonged starvation (Murray et al., 64 2016). 65 66 Mechanisms of metabolic regulation during dietary restriction are highly conserved. In 67 mammals, dietary restriction leads to the accumulation of lipids in the liver, which are later 68 oxidized to become ketone bodies. While ketone bodies are mainly synthesized and supplied by 69
Introduction
Pre-anoxia parameters were used to evaluate changes in locomotor activity during the baseline 168 period. Path Length (PL) was used to measure the total distance travelled (cm) during the 5
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AMPK activation mimics starvation phenotype before and after anoxia 235 To evaluate phenotypic changes in locomotor behavior before, during, and after exposure to 236 anoxia we used a high-throughput locomotor assay and open-source software to track each fly's 237 location ( Fig. 1 ; see also Video 1S) (Xiao and Robertson, 2015) . Flies placed within the and increased PL 235.2 ± 5.32 cm (Mann-Whitney, U (31, 32) = 1184.5, p = 0.008; Mann-242 Whitney, U (31, 32) = 827, p = 0.024). When fed the AMPK activating compounds metformin 243 and AICAR, w 1118 flies exhibited an increase in PL (Metformin: t-test, t = -3.355, df = 30, p 244 =0.001; AICAR: t-test, t = -2.088, df = 62, p =0.021), however only metformin decreased TAR 245 (Metformin: Mann-Whitney, U (16, 16) = 62.0, p = 0.013; AICAR: Mann-Whitney, U (32, 32) = 246 460.5, p = 0.493). This suggests that, under normoxic conditions, pharmacological activation of 247 AMPK has a similar effect on locomotor activity as starvation. shift (surge) which is sustained until N2 is turned off (Fig. 3A) , that is similar to anoxic 271 depolarization in the mammalian brain (Hansen, 1985; de Crespigny et al., 1999; Lindquist and 272 Shuttleworth, 2017). We found that the time to CNS shutdown, defined as the time to half-max 273 amplitude of the surge (s), was significantly longer when flies were starved 24 hours or fed 274 metformin ( Fig. 3B ) (Starvation: t-test, t = -1.981, df = 19, p =0.03); Metformin: t-test, t = -275 2.298, df = 20, p =0.016). However, flies fed AICAR, which acts as a more direct activator of 276 AMPK, did not exhibit a longer time to surge (Mann-Whitney, U (6, 10) = 25.0, p = 0.625). We 277 next asked if starvation or AMPK pharmacology would affect the magnitude of SD in the fly 278 brain.
280
We predicted that flies with faster locomotor recovery would have smaller ionic disturbances 281 during anoxia, enabling them to re-establish ionic gradients across cell membranes faster. What 282 we found was that during anoxia, the peak amplitude was significantly smaller in flies fed 283 Metformin or AICAR, but not after a 24 hr starvation period ( Fig. 3C) 
Whitney, U (11, 11) = 22.0, p = 0.013; AICAR: Mann-Whitney, U (6, 10) = 14.0, p = 0.093;
285
Starvation: t-test, t = 0.975, df = 19, p =0.17). However, following anoxia, flies emerging from 286 an anoxic coma, defined as the time to recover half-max amplitude (s), took significantly longer 287 when fed Metformin or AICAR (Fig. 3D) (Metformin: Mann-Whitney, U (11, 11) = 16.0, p = 288 0.004; AICAR: Mann-Whitney, U (6, 9) = 0.0, p = 0.002), while flies starved 24 hrs did not 289 exhibit a difference (Mann-Whitney, U (10, 11) = 51.0, p = 0.805). 
